I. INTRODUCTION
Zinc Oxide (ZnO) is one of metal oxide semiconductors that are commonly used for nanoelectronic devices and optoelectronic applications. Synthesis and characterization of ZnO nanowires have attracted researchers to study their uniqueness and peculiar properties. Nanostructures of oxide semiconductors have received great interest due to their very large surface-to-volume ratio [1] [2] [3] . ZnO is one of the most promising materials for applications in UV light emitters, detectors, solar cells, piezoelectric transducers, transparent electronics and gas sensors, because it is a chemically and thermally stable n-type semiconductor. It is a direct band gap (3.37eV) semiconductor with exciton binding energy of 60 meV [4] [5] [6] .
As a semiconductor, ZnO nanopowder can also be doped by transition metal to increase electron carrier concentration or enhance optical and magnetic properties [7] [8] [9] . For example, chromium doped ZnO nanowires are predicted to be ferromagnetic with a Curie Temperature (T c ) above room temperature; therefore the charge and spin degrees of the free electrons can be used simultaneously for memory and optical nanodevices application [10] .
Ball milling method is one of the simplest ways to mix semiconductor materials and to reduce grain size. In this work we have studied about synthesization and characterization of pure and ZnO-Ti mixed nanowires for optoelectronics applications.
II. EXPERIMENT
ZnO powder (Sigma Aldrich) and Ti 1% of weight was mixed and milled together. The same amount of carbon powder was also added to reduce the eutectic temperature. Pure and ZnO-Ti mixed nanowires were synthesized by using thermal evaporation method. The growth was performed in the quartz tube. The source powder was placed on a quartz boat, and inserted into the quartz tube to grow nanowires. Furnace temperature was kept at 1000 o C for two hours under nitrogen ambient. ZnO source powder was placed in the middle of furnace, and substrates were laid around 10 cm from the source. P-type silicon wafers were used as substrates. They were cleaned using ultrasonic cleaning, soaked into methanol, followed by acetone and 0.1% HF solution for 10 minutes. A white layer was formed on the silicon substrate after the process. It was cooled down before taken out from the furnace. Vapor-solid process was involved in the growth process since no catalyst used for the synthesis.
For characterization, X-ray Diffraction (XRD) and surface morphology with Field Emission-Scanning Electron Microscopy (FE-SEM) were done to the layer.
III. RESULTS AND DISCUSSION
The presence of Zn and O in pure ZnO nanowires was confirmed by EDX and shown in Fig. 1 (a) . The peaks for Fig. 1 (a) correspond to Zn and O elements. The presence of Ti, Zn and O in ZnO-Ti mixed nanowires was also confirmed by EDX spectroscopy as shown in Fig. 1 (b) . The peak for Ti element might be overlapped by the peak for O element due to its small quantity (1%). Fig. 1 (a) EDX spectroscopy shows the composition of the white layer of pure ZnO nanowires (b) EDX spectroscopy shows presence of Ti for ZnO-Ti mixed nanowires Fig. 2 and Fig. 3 show the surface morphology of pure and ZnO-Ti mixed ZnO nanowires on several magnifications examined with FE-SEM instrumentation. Fig. 2 (a), (b) and (c) show ZnO nanowires were grown at the substrate in random direction. The diameters of pure ZnO nanowires are vary from 13 nm to 21 nm, whereas the length is around 135-146 nm. No catalytic particles, as could be observed for vapor-liquid-solid growth mechanism, were found at the nanowires tip [11] . Fig. 3 (a) , (b) and (c) shows the FE-SEM image for ZnO-Ti mixed nanowires at different magnification. The FE-SEM micrographs show clearly that Ti was grown from ZnO nanowires. It could be observed that plenty of Ti nanowires branched out from the same ZnO nanowires base, as we take a close look on the FE-SEM pictures. In Fig. 3 (c) we notice that all Ti nanowires emerge either from deposited ZnO nanopowder or from ZnO nanowires. There is no stand-alone Ti nanowires without a ZnO base. Therefore, we can conclude that Ti nanowires can only be formed with the assist of another growing substance. Ti was not incorporated into the ZnO nanowires as a dopant as we predicted at the beginning. It is actually parasitically grown on ZnO nanowires.
All ZnO nanowires were observed to grow in rod shape, where the beginning and ending part are the same size. Ti was formed in needle shape where a sharp tip was formed on ending part of each Ti nanowires. Fig. 4 and Fig. 5 show the X-ray diffraction of pure and ZnO-Ti mixed nanowires, respectively. The graphs show some degree of crystalinity for the as-grown ZnO nanowires. 
